The immune system is under strong circadian control, and circadian desynchrony is a risk factor for metabolic disorders, inflammatory responses and cancer. Signaling pathways that maintain circadian rhythms (CRs) in immune function in vivo, and the mechanisms by which circadian desynchrony impairs immune function, remain to be fully identified. These experiments tested the hypothesis that the hypothalamic circadian pacemaker in the suprachiasmatic nucleus (SCN) drives CRs in the immune system, using a non-invasive model of SCN circadian arrhythmia. Robust CRs in blood leukocyte trafficking, with a peak during the early light phase (ZT4) and nadir in the early dark phase (ZT18), were absent in arrhythmic hamsters, as were CRs in spleen clock gene (per1, bmal1) expression, indicating that a functional pacemaker in the SCN is required for the generation of CRs in leukocyte trafficking and for driving peripheral clocks in secondary lymphoid organs. Pinealectomy was without effect on CRs in leukocyte trafficking, but abolished CRs in spleen clock gene expression, indicating that nocturnal melatonin secretion is necessary for communicating circadian time information to the spleen. CRs in trafficking of antigen presenting cells (CD11c + dendritic cells) in the skin were abolished, and antigen-specific delayed-type hypersensitivity skin inflammatory responses were markedly impaired in arrhythmic hamsters. The SCN drives robust CRs in leukocyte trafficking and lymphoid clock gene expression; the latter of which is not expressed in the absence of melatonin. Robust entrainment of the circadian pacemaker provides a signal critical to diurnal rhythms in immunosurveilliance and optimal memory T-cell dependent immune responses.
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Introduction
In periodic environments, circadian clocks permit synchrony of the internal milieu and anticipation of predictable changes in the environment (Pittendrigh, 1960; Bronson, 1989) . Daily temporal organization of physiology and behavior is provided by entrainment of the circadian pacemaker in the hypothalamic suprachiasmatic nucleus (SCN) to the environmental light:dark cycle. The mammalian circadian system is composed of a network of hierarchically-interacting tissue-specific circadian clocks (Baggs et al., 2009) . In order to generate coherent physiological rhythms, the phases of these clocks are regularly reset by the output of the master circadian pacemaker in the SCN (Schibler, 2007) . Perhaps the most conspicuous circadian rhythm (CR) driven by the SCN is the activity/rest cycle, but scores of physiological processes occur in a circadian manner, including endocrine function, cellular and organismal metabolism, body temperature, and countless behaviors (Takahashi et al., 2008) .
Immune function is under strong circadian control. Virtually all immunological variables investigated to date exhibit circadian cycles. CRs are evident in circulating leukocyte numbers and phenotypes, lymphocyte metabolism and function, and cytokine production in vitro and in vivo (Esquifino et al., 2007) . Brain-immune interactions that govern the expression of infection-induced sickness behaviors fluctuate across the circadian cycle (Arjona and Sarkar, 2005, 2006; Guan et al., 2005; Marpegan et al., 2005) , and mortality from sepsis varies markedly with time-of-day (Franklin et al., 2003 (Franklin et al., , 2007 Liu et al., 2006; Marpegan et al., 2009; Morrow and Opp, 2005; Weil et al., 2009 ). Furthermore, immunocompetence varies with the stability of the circadian system: extensive nighttime shift work or transmeridian travel induces chronic circadian disruption, leading to higher rates of various cancers (Pukkala et al., 2002; Reynolds et al., 2002; Schernhammer et al., 2001, 
